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The Chemistry of Inhs In 
• 

Handwriting* 
Things the Expert Must H.now 

By C. AinsW'orth Mitchell, B.A. (Oxon), F.I.C. 

BEFORE glvmg an account of some applications of 
chemistry in the direction of the general principles 
underlying the chemical methods of distinguishing be
tween different kinds of ink in handwriting, I may, 
perhaps, be allowed briefiy to recapitulate the main 
outlines of the theory, and to add some details by way 
of illustration. 

Ordinary writing ink is essentially a mixture of a 
decoction of galls with a solution of copperas (ferrous 
sulphate), which slowly interact to form an iron tan
nate that gradually becomes oxidized by exposure to 
the air, and gives the black pigment of handwriting. 

Characters written with a pure iron gall ink are 
nearly colorless when first put upon paper, and a con
siderable time is needed for the insoluble black tan
nate to be formed ,within the fibers. 

Prior to about the end of the eighteenth century, 
inks were exposed to the air or boiled, so that a par
tial oxidation might take place within the fiuid, and 
thus give some depth of tint to the product before it 
was used for writing. The chief objections to such 
partial oxidation are that deposits are formed in the 
bottle, and prevent the ink fiowing smoothly from the 
pen, and that the fiuid has not the penetrating power 
of an unoxidized ink. Such inks, however, are still 
on the market, under the name of "Japan inks," but 
they are but . little used, their place having been taken 
by unoxidized inks, in which the black pigment is, as 
it were, in a latent condition, and a second pigment, 
such as indigo, logwood, or an aniline dye-stuff, is 
added to give a color to the writing pending the for
mation of the iron tannate. 

The dYe-stuffs employed in the commercial inks of 
to-d.ay vary in color from pale greenish-blue to indigo 
and deep violet, and no two give identical reactions
at all events when mixed with iron tannate to form the 
pigment in writing. It is mainly owing to the differ
ences in these provisional coloring matters that it is 
possible to distinguish between handwriting written 
with different kinds of ink. 

In the old type of iron gall ink, in which no such 
second pigment was used, it would only bave been 
possible to distinguish between different makes of ink 
in handwriting in exceptional cases, such as when a 
large excess or a great deficiency of iron had been 
used. Such irregularities in composition might read
ily' occur, however, for in the days before the ink 
manufacturer could have made a living, writing was 
a polite accomplishment restricted to those who could 
afford the time, and the ink was made at home. Each 
housewife had her recipe for making a good ink, and 
its preparation was as much within her province as 
the making of cordials or the baking of bread. 

A particularly interesting example of a domestic 
recipe, which was handed down as an heirloom, is 
shown in the accompanying figure, which Mr. G. Wed
dell has kindly allowed to be reproduced. 

This was taken from a manuscript collection of old 
family recipes dating back into the sixteenth century, 
which Mr. Weddell has published in facsimile (Arcana 

Fairfaxiana Manuscripta, 1890). Directions are given 
for making everything needed for household use, from 
apple pasties to cures for the king's evil, and among 
its odd assortment of items are included several recipes 
for making ink, of which the example (Fig. 1), which 
was probably writen toward the close of the sixteenth 
century, is typical. 

The directions here given are to soak five ounces of 
galls in one quart of rain water (or claret or red 
vinegar) and to boil the decoction, after five days' 
standing, with four ounces of copperas and three 
ounces of gum. 

Ink made under the rule-of-thumb methods of the 
housewife must inevitably have often varied widely 
in composition, and it is to such variations from the 
right proportions of iron to galls that we must at
tribute the want of permanency of some relatively 
modern writings, as compared with that upon manu
scripts centuries older. 

No more interesting illustration of this effect of" 
composition of ink upon the permanency of writing 
can be found than in the various names written on 
the first page of Milton's family Bible, to be seen in 
the British Museum. It will be noticed that all the 
entries of the births of himself and the members of 
his family are in the handwriting of Milton, and' that, 
with one exception, all the inks are of a good dark 
tone. The exception is seen in the entry of the birth 
of his daughter Deborah, on '''the 2nd of May, being 
Sunday, SOmewhat, before three of the clock in the 
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lllorning, 1652." Here the ink has faded to a faint 
brown color. 

Considerable variations are possible in the propor
tions of iron to gallotannic acid without changing the 
nature of the resulting black pigment, but if there is a 
deficiency of tannin outside those limits, insufficient 

Fig. I.-Elizabethan Domestic Recipe for Making Ink. 

pigment will be formed, and the excess of iron will 
cause the writing to turn brown. A lack of tannin to 
combine with all the iron in the ink is probably the 
explanation of this faded entry iJ;l Milton's Bible. 

The actual pigment formed when ink dries seems 
to be the same whether the proportion of tannin to 
iron be large or small. The writer has made numer
ous analyses of the deposits produced when solutions 
of the two substances of varying strength were al
lowed to stand in contact with the air, and has found 
them to contain from 5.4 to 6.2 per cent. of iron. 

Of the known insoluble iron tannates the one that 
best corresponds with this proportion of iron is that 
described by Wittstein (Jahresb. cler Ohem., 1848, 28, 

1898. 

1908 .. 

Fig. 2.-Showing the Action of Oxalic Acid on Inks 
Written in 1898 and 1908. 

221) and by Schiff (Ann. Ohem. Pharm., 1875, 175, 

176) which contains 5.53 per cent of iron, and has the 
formula: 

Fe (C,. H. 0.) 3 

I 
Fe (C,. H. 0.) • 

It is probably this compound that is produced when 
ink dries on paper, and that the more nearly the pro
portions of galls and iron-sulphate are calculated to 
form this tannate without excess of either ingredient, 
the more permanent will be the writing. 

Many of the commercial inks of the present day 
deviate widely from this standard, and, as everyone 
must have noticed, the writing done with some of them 

1898'. 

Fig. 3.-Showing the Action of Acetic Acid (50 per 
cent) on Inks Written in 1898 and 1908. 

will fade considerably, even in the course of a year 
or two. 

Notwithstanding the probably closely similar meth
ods of preparation, the composition of different kinds 
of ink shows wide variations. Thus, out of twenty
four different varieties of writing ink sold in this 
country, the writer has found the total amount of 
solid matter to vary from 1.89 to 7.94 per cent; the 
ash from 0.42 to 2.52 per cent; and the iron fr(}m 0.18 

to 1.09 per' cent. 
. Analyses made by the writer at· intervals of three 
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or four years have shown that the composition of the 
products of the same manufacturer shows but little 
variation. This is only what was to be exp,ected, 
since, naturally when a satisfactory article has once 
been obtained, great care is taken to keep it constant 
by using the same proportions of water, galls, dye
stuff and gum. 

In examining writing to ascertain whether it was 
done with a particular ink, it is advisable to prepare 
a color scale with that ink, consisting of four washes 
ranging from the faintest to the darkest possible tone, 
and to leave this exposed to the air for at least twen
ty-four hours. The scale may then be compared un
der the microscope with different parts of the writing 
in question, and is subsequently used for compara
tive chemical tests when such are permissible. The 
broad surfaces of color are comparable with the sur
faces of the written characters as seen under the mi
croscope, and there is thus obtained what practically 
amounts to a magnified record of the microscopical 
appearance. 

Lovibond's tintometer will also be found useful in 
comparing the colors of different specimens of hand
writing, and in matching the colors obtained in 
chemical reactions with those given by the color scales 
prepared from known or suspected inks. 

In some cases microscopical examination on these 
lines is sufficient to distinguish between the inks in 
different writings, without the necessity of applying 
chemical tests. The most striking instance of this 
kind within the writer's experience was in the Brink
ley poisoning case. The will of an old lady named 
Blume had been forged by Brinkley, who, on the 
strength of being her heir, took possession of all the 
property. Mrs. Blume's relatives contested the va
lidity of the will, and Brinkley had, therefore, to prove 
that it was genuine. One of the witnesses whose sig
natures were on the will asserted that he had never 
signed a will at all, but that he had only signed a 
folded sheet of paper in a public house. As tbis wit
ness, Parker, stood in the way, Brinkley attempted 
to poison him by leaving a bottle of stout containing 
prussic acid at his lodgings; but, instead of Parker 
getting the stout, it was drunk by his landlord and 
landlady, both of whom died. As a great deal de" 
pended upon whether Parker were speaking the truth 
or not, the ink was obtained from the public house in 
question, and was compared with the writing upon 
the wilL 

As the ink happened to contain a particularly 
bright blue pigment as its provisional coloring mat
ter, there was no difficulty in proving its identity with 
the ink in the disputed signature on the will. In fact, 
three different inks were present on this will, the 
body of the document being written in one kind of 
ink, and the signatures of each of the witnesses in a 
different kind. Brinkley, cross-examined upon this 
point, stated that Mrs. Blue had kept three different 
sorts of ink, and that he had, after her death, given 
two of them to a little girl. 

After a trial lasting four days he was found guilty 
of murder, and sentenced to death. 

For the differentiation of writing by chemical meth
ods a wide choice of reagents is available, but the 
following will usually be found sufficient: (1) Hydro
chloric acid (5 per cent solution); (2) oxalic acid 
(5 per cent solution); (3) stannous chloride (10 per 
cent solution); (4) nascent hydrogen (50 per cent 
H CI. with zinc); (5) bromine (saturated aqueous so
lution); (6) bleaching powder (saturated solution); 
(7) titanous chloride; and (8) potassium ferro-cyanide 
(5 per cent solution, containing 1 per cent of HCI.). 

Of these reag.ents the first two act mainly upon the 
iron tannate and leave the provisional coloring mat
ter. The third and fourth bleach the iron tannate 
and reduce the provisional pigment, changing its 
color. The fifth and sixth reagents may act upon both 
pigments and cause more or less bleaching. The 
titanous chloride acts as a powerful reducing agent on 
both pigments, and the acidified ferro-cyanide solution 
acts mainly upon the iron liberated from the iron tan
nate. 

The reagents should be applied with a brush, and 
the writing examined under the microseope by re
fiected and transmitted light, firstly after five minutes', 
and then after twelve hours' exposure to the air. The 
colorations appearing on the wrong side of. the paper 
are also characteristic in some cases. In the tests 
with titanous chloride, blotting paper should be ap
plied to the writing after the lapse of five .minutes. 

The method may be illustrated by t,he . following 
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results obtained with sOllie of the best known com
mercial writing inks. 

The question of determining the age of an ink in 
writing is much more difficult than that of deciding 
whether two writings are in the same or in a dillerent 
kind of ink. 

It is, as a rule, possible to distinguish colorimetri
cally between freshly-written and old writing up to 
about the sixth day, after which the iron tannate has 
become sufficiently oxidized to prevent further diller-

out, leaving the black pigment, and when this stage 
is reached the ink in old writing is readily distin
guished from ink that has recently been put on the 
paper. 

Prior to this, however, the blue provisional coloring 
matter appears to become enveloped in particles of the 
oxidized iron tannate, so that it no longer reacts rap
idly with reagents. 

Thus, if a writing done within the last year or two 
be treated with a fifty per cent solution of acetic acid 

COLORATIONS FIVE MINUTES AFTER APPLYING REAGENTS. 

INKS. 
HVIlROCHLORIC 

OXALIC ACID. 
STANNOUS 

ACIIJ. CHLORIDE. 

BLACKWOOD'S bright blue bright blue bright blue 

DRAPER'S . .  deep violet red·violet violet 

FIELD'S . . deep blue deep blue violet-blue 

MORDAN'S .. bright blue bright blue bright blue 

STEPHENS' . . . deep blue deep blue violet 

WAI.KDEN'S bright blue blue bright blue 

entiation until after the lapse of two or three years 
or more, when the provisional pigment will have faded 
or have become fixed by the iron tannate. 

In most cases, the provisional pigments employed, 
oller greater resistance to the action of chemical re
agents, but are infinitely less stable than iron tannate 
when exposed to the action of light and of air, and 
eloquent testimony to this dillerence is given by a 
comparison of certain manuscripts of the seventh and 
eighth centuries with type-written documents in 
aniline ink, which have been put aside for a few 
years. 

Thus it happens that when writing done with blue
black ink is kept, the blue pigment will gradually fade 

NASCENT 
BROMINE. I TITANOUS POTASSIUM 

HVDROGE". CHLORlIlE. FER ROCVANlDK. 

deep blue deep blue green.blue bright blue 

violet violet-black maroon deep violet 

violet deep blue navy blue blue 

bright blue dark purple dark green-gray dark blue 

violet-blue slight bleaching nearly black deep green-blue 

blue blue gray-blue dark bille 

there is immediate dillusion of the blue pigment, 
whereas in a writing a few years older dillusion, if 
it takes place at all, is very slow and limited in extent 
(see Fig. 3). 

A still more useful reagent is a saturated solution 
of oxalic acid, which causes the pigment of relatively 
fresh writing to give an immediate smudge, but has 
very little, if any, ellect on writing six or eight years 
old. The dillerences between the behavior of old and 
relatively new writing in these tests is seen in Fig. 2, 

in which the older writing of 1898 was scarcely af
fected, whereas the writing done in 1908 gave the re
sults shown. Both writings were in ink of the same 
kind, and the tests were applied simultaneously. 

Speaking generally, a writing done with blue-black 
ink ceases to show lIuch dillusion after about five to 
six years. When slight dillusfon occurs in an older 
ink it is seen, under the microscope, to diller in char
acter and only to allect the surface of the letters, 
whereas the dillusion in an ink written within the last 
two or three years aft'ects the whole of the pigment in 
the letters. 

The first occasion on which chemical evidence as 
to the age of an ink has been given in the law courts 
was in the recent forgery case in which Colonel Pilcher 

'was accused of forging his cousin's will. 
This will was alleged to have been written in 1898; 

and assuming this to have been the case the ink 
should have only reacted very slowly with the diller
ent reagents; there should have been little or no dif
fusion with oxalic acid; and if any slight dillusion 
occurred this should only have been lJPon the surface 
of the letters. 

The ink on the will, however, gave an immediate 
reaction with the dillerent reagents, and dillused at 
once with oxalic acid, and the dillusion extended 
throughout the whole of the letters. There was thus 
no doubt as to the ink upon the will having been 
written within the last year or two, and certainly 
within the last six years. 

Checks written by the deceased lady during the 
last thirteen years were also subjected simultaneously 
to the same tests, and it was found that the ink upon 
those written in 1903 gave only a faint dillusion wit,h 
oxalic acid in the heaviest writing, while no dillusion 
at all was obtained upon the checks written in 1901. 

The correctness of the conclusions drawn from these 
results was borne out by the confession of the pris
oner, who, in the middle of his trial, pleaded guilty 
to having uttered the will knowing it to be a forgery, 
though he denied all knowledge of how it came to be 
forged. 

Notes on the Economics of Locomotive Operation * 
The Problems Presented by Increasing Size 

T:e:K locomotive is a power plant on wheels. Every 
year the demands on this plant are more exacting, 
and as a result we find to-day the latest tyPe develop
ing over 2,000 horse-power, weighing 445,000 pounds 
with all the weight on two sets of eight-coupled 
drivers, with a Walschaert valve gear, compound 
cylinders, superheaters, and a hydro-pneumatic re
versing gear. Contrary to a somewhat common be
lief, the modern locomotive, if worked to advantage, 
is an economical machine for what is demanded of it. 
But the demand for greater hauling capacity has em
phasized and enforced the big problem in operation, 
that of securing the most at the track out of a 

pound of the fuel burned. ·Let us briefiy note some 
Hnes of progress leading to a better economy and to 
a higher efficiency. 

THE THREE BALANCED FORCES. 
Let US be reminded that the locomotive is made up 

Of three essential parts-the boiler, the cylinder, and 
the drivers. In this three-fold combination the boiler 
IJower h limited by the amount of steam that can be 
produced in a boiler of admissible size and weight. 
The cylinder power may be indefinitely great, but not 
less than a certain amount, the cylinder being a mere 
transmitting machine. The tractive power-or pull at 
the' driving wheels-is limited by' the total weight of 
the locomotive and the part of that weight which can 
be placed on the driving wheels. We have, then, 
three co-ordinate balanced forces. I1l practical work
ing, a lack of proper proportion in any one of these 
three co-ordinate forces wlridl.,· when combined, make 
the completed machine, will betiR9Wn in the following 
way: If the boiler power is smallest, the steam pres
sure will fall and the wheels will stop. If the cylin
der power is smallest, the engine will .be stalled when 
using full steam pressure and unable to slip the 
drivers. If the tractive power is smallest of the three, 
the engine will slip the drivers. We come to see then 
that the locomotive is a balanced machine and in any 
attempt to increase its economy, that balance should 
be preserved. Thus, if we increase the boiler pressure 
and capacity, say thirty per cent, everything else re� 
maining the same, the drivers would be slipping some 
of the time if they were correctly proportioned before. 

THE SCOPE OF THE PROBLEM. 
a is. estimated that 125,000,000 tons of coal (one

fifth of the coal production of the entire country) 
were burned last year on the 60,600 locomotives in the 
United States. This coal costs the railroads over 
$300,000,000. If a net saving of five per cent, other-

• Stevens Indicator. 

By Prof. Arthur J. Wood 

wise lost, can be secured, this item will be reduced by 
no less than $15,000,000 and will, at the same time, 
conserve one of the most valued natural resources of 
the country. If, further, this saving can be ellected 
by' the utilization of low-grade fuels, otherwise dis
carded, and burned with more nearly smokeless com
bustion, the results will be far reaching. Possibilities 
lie along many lines, among which are the following: 
More perfect combustion, better smoke box and front 
end construction, by compounding, superheating, and 
from briquetted fuel. The first two of the above have 
general application, while the others have given note
worthy results where the conditions were favorable. 
To these may be added the saving from the introduc
tion of a perfected mechanical stoker, eight or ten of 
which are being tried out. This saving-estimated on 
certain roads from ten to fifteen per cent-will come 
largely from the uncontrolled losses due to improper 
hand firing. 

In a recent analysis of the ,heat losses in a simple 
locomotive with superheater running on the test plant 
at Purdue University, Dr. W. F. M. Goss finds that a 
little over forty per cent of the heat in the fuel never 
has a chance to turn water into steam, as shown in 
the table following: 

TABLE I .  

AVERAGE HEAT BALANCE FOR TEST LOCOMOTIVE. 

(Percentages of total heat available.) 

Absorbed by the water in the boiler ............ 52 

Absorbed by the steam in the superheater . . . . . . . . 5 

Absorbed by steam in the ,boiler and the super-
heater .................... _. . . . . . . . . . . . . . . . 57 

Lost in vaporizing moisture in the coal .......... 5 

Lost through the discharge of CO.............. 1 

Lost through the high temperature of escaping 
gases and in the products of combustion.. . . . 14 

Lost through . unconsumed fuel in the form of 
front-end cinders ....... ................... 3 

Lost through unconsumed fuel in the form of 
cinders or sparks passed out of the stack .... 9 

Lost through unconsumed fuel in the ash ........ • 
Lost through radiation, leakage of steam and 

water, etc. 7 

100 

The above suggests the grouping together of some 
of the various means of securing better results, indi
cating unde,r each what is being undertaken. 
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r 
A.-More complete I 

combustion and 1 
better firing. 

l 
B.-:,Saving in losses tf 

from stack and 
front end. 

C.- Adapting loco- j 
motive weight to 
required service 
and in com- I 
pounding. 

l 

(1) Certain roads, notably the 
Erie, the C. & N. W. and the 
B. R. & P., have been giving 
regular instruc,tion to fire
men in the right methods of 
firing. (2) Adapting the 
coal to the .best conditions 
of firing. 

Design of self-cleaning front 
ends and reduction of losses, 
as a result »artly of ex
haustive tests at' Altoona. 

Introduction of the Mallet ar
ticula ted compound locomo
tives (with all the weight 
on drivers) and ba ving two 
Independent sets of coupled 
drivers for mountain grades, 
where one locomotive can 
do the work of two smaller 
engines. 

D.-Reducing 
temperature 

hi h r Adapting the Schmidt, Bald-
�

n 
� win, Schenectady, Jacobs, 

exhaust gases. I Cole. Vaughan-Horsey, and 
l other superheaters. 

We may look a little further into these questions. 
A. COMBUSTION. 

Approximately 544,000 cubic feet of air are required 
to supply the necessary oxygen to completely burn one 
ton of coal; less than this means waste in the form 
of unburned carbon. Not only must the air be sup
plied, but it must be supplied in the right quantity 
at the right place. The simple principles of combus
tion may be studied from the best theoretical furnace 
on the market-that of the common coal oil or kero
sene lamp. 

The upper part of the chimney of the lamp corre
sponds to the stack. The larger part of the chimney 
is, in the analogy, the combustion chamber including 
the fTont end of the locomotive. The small space just 
above the wick is the fuel bed and the air openings 
below are the openings through the grates for air 
supply. 

First, remove the chimney, open the hood and light 
the wick, which should be evenly trimmed. If turned 
low, it does not smoke. Close the hood and the fiame 
smokes, because the hood has cut 011 the air about 
the fi8Jl1e; thus illustrating a furnace with insufficient 
air where most needed, a condition which occurs when 
we have too much fue}. on the grate. 
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